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MG dau
I Muc dich mon hoc:
» Cung cap kién thirc vé 1ap trinh vi diéu khién TI MSP430.
I1. Thoi gian:
* 30 tiét Iy thuyét (2 tin chi) + 30 tiét thuc hanh (1 tin chi)
III Giao trinh va tai liéu tham khao

o MSP430 Microcontroller Basics. John H. Davies. Elsevier.
2008 (685 trang)

 Embedded Systems Design using the TI MSP430 Series.
Chris Nagy. Elsevier. 2003 (296trang)

 Introduction to Embedded Systems - A Cyber-Physical
Systems Approach, E. A. Lee and S. A. Seshia.
http://LeeSeshia.org. 2011
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BASICS

* Details C and assembly language usage for the
MSP430

* Companion Web site contains a development kit

* Full coverage is given to the MSP430 instruction set,
sigma-delta analog-digital converters and timers
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IV. Danh gia:

Thi két thac mon: Bai tu ludn véi 3 ciu hoi.

V. Giao vien:

Ts. L€ Manh Hai. Tel: 0985399000.

Khong goi dién thoai dé hoi hay xin diém,
email: hallemanh@yahoo.com,
Im.hai@hutech.edu.vn

Website: giangvien.hutech.edu.vn

GV thuc hanh: Nguyén Ngoc Duc.
0978629557



Noi dung chi tiét
Chwong 1: Cic hé thong nhiing va vi diéu khién
MSP430
Chwong 2: Phdt trién irng dung nhiing.
Chwong 3: Cdc ham va ngit
Chwong 4: Nhip/xuit
Chwong 5: Bo dinh thoi
Chuwong 6: ADC
Chwong 7: Két néi



Chuwong 1: Cdc hé thong nhiing va
vi diéu khién MSP430

Sau khi hoc bai nay, sinh vién s& nam dworc
1. Heé thong nhing la gi?

2. Céac huéng phat trién hé thong nhing
3. Céu tric dién hinh mét vi diéu khién
4. Céu truc vi diéu khién MSP430G2553



Hé thong nhing 1a gi?

Theo vi.wikipedia.org: Hé thong nhing (Embedded
system) 12 mot thuat ngit dé chi mot hé thong co kha
nang tu tr1 (may tinh) dugc nhung vao trong mot
méi truong hay mét hé thong me.

D6 1a cac hé thong tich hop ca phan cliing va phan
mém phuc vu cac bai toan chuyén dung trong nhiéu
linh vuc cong nghi¢p, tu dong hoa diéu khién, quan
tric va truyén tin. Pic diém cua cac hé thong nhung
1a hoat dong on dinh va co tinh ning tw dng hoa
cao.



Hé thong nhing la gi?

May giat

Xe hot do1 mo1 co trén 100 bo xu 1y

Khoang 99% chip tinh toan dugc ing dung trong
cac hé thong nhung
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* DPién thoai di dong thong minh (smartphone)
e TV
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Bo Launchpad MSP430

IAR Kickstart or
MSP430G2543 Code Composer
MSP430G2553 Studio Ver 5 (CCS)

MSP-EXP430G2 LaunchPad Experimenter Board
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Cac huéng phat trién hé thong nhing

Mot hé théng diéu khién twong tu (trerdéc nam
1970)

Hé thong may tinh s6: Vi xtr 1y va vi diéu khién
(1970 — nay)
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» Mach sé tich hop thép: transitor, IC 555

» Mach sé tich hop trung binh : CMOS 4000
» Mach sé tich hop cao: Vi diéu khién
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Cac hwong irng dung

* Application-specific integrated circuits (ASICs)
— Chip (IC) thiét ké danh riéng cho mét (g dung

* Field-programmable gate arrays (FPGAs) and
programmable logic devices (PLDs)

— Chip thiét ké co thé 1ap trinh thay doi cau tao
chirc nang bang cach tao cac méi lién ket gilra
cac cong bén trong chip. C6 hang triéu cong
trong mot chip.

 Microcontrollers
— C6 mot s6 khoi rat hay dugc sur dung cung voi
mot kho1 xur 1y trung tam (CPU) .
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Vi di¢u khién nhé
CPU xtr 1y 8 hoac 16 bit
Bo nho 64 KB
Toc do t6i da : 16Mhz
Chl’}’C ning chinh: diéu
khi€n, khong phai tinh
toan!

http://www.diendanti.com
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Cau truc chung cua vi dieu khién

outside world

program memory data memory input and
(flash ROM) (RAM) output ports
biza address
bus

cenu'al processing : \ locl
unit (CPU)
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Vi diéu khién cé 6 thanh phan co ban sau:
1. Khéi xir 1y trung tim (CPU) bao gom:
— Khéi tinh toan s6 hoc/logic(ALU).
-~ Kh,(A’)i giai ma Iénh va cac mach ho tro xu 1y
ngat, ta1 kho1 dong
— Céc thanh ghi bao gdom t}lanh ghi dém chuong
trinh PC, con tro ngan Xép SP, ,thang ghi trang
thai (SR), thanh ghi tao hang s6 CG va 12 thanh
ghi da nang

17



2. By nho chwong trinh: La b6 nhd khong mat dir

l1i¢u khi mét dién. Trudc kia la ROM, nay st dung
FLASH. Chip MSP430G2553 chi c6 16KB

3. B0 nho dir li€u: RAM truy xuat tiy ¥ nhung dir
11éu b1 x0a khi mat dién

— Hién da c6 b nhé dir liéu khong bi xéa khi mat
dién
4. Cac cong nhap/xuat: Két noi voi cac hé thong
khac
S. Du’O’ng BUS dir ligu va BUS dia chi: Pé truyén
dir liéu va 1énh giita cac khoi.
6. Khéi xung nhip: Tao xung dong bo cac khoi
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08 khoi thwong gap khac:

Khoi dinh thoi (Timer): Pém thoi gian chinh xac. Céc vi dicu
khién hién nay co it nhat 2 kho1 nay.

Khoi dinh thoi canh bao: La khoi kiém soat 16i chuong trinh
theo tho1 gian. Khoi nay sé€ tai kho1 dong chip khi chuong
trinh b1 101 .

Khoi giao tiep tuan ty: Két no1 vo1 cac IC khac bang cach
truyen tung bit.

Khoi nhé dir liéu khong bay hei: Luu trit dir liéu ngay ca khi
mat dién. Thuong dung dé luu ciu hinh thiét bi nhu dia chi IP
trong cac ADSL router

Khoi bién doi twong tu - s0 : Cho phep chuyén doi tin hi¢u
tuong tu sang dang so.

Khéi bién doi so -tuong tur : Cho phép chuyén doi tin hiéu
tuong tu sang dang so, thudng dung dé diéu khién dong co
bang phuong phap xung s6 (PWM).

Dong ho thoi gian thyce: Luu gitr gia tr1 nam thang ngay.

B0 nap va chay chwong trinh: Cho phép nap chuong trinh tur

may tinh vao bd nh& chuong trinh o



Cau truc Harvard va von Neumann

(a) Harvard architecture

P":;‘::; central data
processing unit memory
ROM RAM
o - o
e volatile
(b) von Neumann architecture
central
processing unit
(CPU)

Figure 1.3: Harvard and von Neumann architectures for memory.

MSP 430 ¢6 cau triic von Neumann



Cau ho1

Hay ké tén mot vai thiét bi dan dung 1a hé
thong nhung?

Cac thanh phan co ban cia mot vi diéu
khién?

Cac khoi hd trg thuong gip & mot VPK?

Su khac bi€t gitra cau truc Harvard va von

Neumann ?
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Bai 2: Cau truc vi diéu khién
MSP430G2553

Cac chan VDK MSP430G2553

Cac khdi chirc ning

T6 chirc bd nhé

Khéi xir Iy trung tim (CPU)

B0 tao xung nhip

Ngit va tai khéi dong

Cac tai liéu chinh thong
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Cac chan VDK MSP430G2553

o Chan ra: 20 chan tw vo nhuwa PDIP

» Phan 16n céac chan cé nhiéu chirc ning.
— Vi du chan s6 3 ¢6 5 chitc ning

o Cac (g dung tai moi thoi diém chi yéu cau
moi chan thuc hién mdt chire ning =>
khong bi mau thuan
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Device Pinout, MSP430G2x13 and MSP430G2x33, 20-Pin Devices, TSSOP and PDIP

pvVCC

P1.0/TAOCLK/ACLK/ADICAD
P1.1/TA0.0/UCAORXD/UCAOSOMI/A1/CA1 Y 3
P1.2TA0.1/UCAOTXD/UCAQSIMO/A2/CA2 LIy 4

DVSS

1940 XIN/P26/TAO.1
XOUTIP27
TEST/SBWTCK

P1.3/ADC10CLK/CAQUTNREF-VEREF-/A3ICA3 P'Egu 16 J] RSTNMI/SBWTDIO
P1.4/SMCLK/UCBOSTEIUCAOCLK/VREF+NVEREF+A4ICA4TCK TG (1OP VIEW) P1.7/CAQUT/UCBOSIMO/UCBOSDA/A7ICATTDOIDI

P1.5TA0.0/UCBOCLK/UCAOSTE/ASICASITMS [T 7

P20TA10 P25TA1.2
P2ATA11 Y 9 120 P24/TA1.2
P22TA11 0 11J0 P2.3/TA1.0

NOTE: ADC10 s available on MSP430G2x53 devices only.
NOTE: The pulldown resistors of port P3 should be enabled by setting P3REN.x = 1.
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MO ta cac chan
« VCC(chan 1) VSS (chan 20) dung dé cap nguon

3,3V cho chip. Nguon c6 thé dao dong trong
khoang 1,8V —-3,6 V

* P1.0-P1.7, P2.0, and P2.7 la 2 cong nhap xuat so.

MJi cong 8 chan (8 bit), goi tat 1a P1 va P2.

* Cac kh01 chirc nang ciing su dung cac chan nay
khi can nho cau hinh thanh ghi chon khoi P1SEL
va P2SEL.
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Cac khoi chire ning MSP430G2553

Functional Block Diagram, MSP430G2x53

XIN XOUT

DVCC

r--
|
|
i ACLK
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0 SMCLK
[ 16 KB
i 8KB
! 4KB
: 2KB
= 16MH

z
: CPU MAB
: incl. 16 MDB
g | Redgisters
|
i
: Emulation
N 2BP
| Brownout
: JTAG Protection
i Interface
‘[ Sovor
' Wire

RST/NMI

DVSS

RAM

512B
2568

8 Channels

ADC

10-Bit

8 Ch.
Autoscan
1 ch DMA

Watchdog
WDT+

15-Bit

P1.x

e T s

Port P1

8 110
Interrupt
capability
pullup/down
resistors

Timer0_A3

3 CC
Registers

P2.x

8 110
Interrupt
capability
pullup/down
resistors

pullup/
pulldown
resistors

USCI AO
. UART/
Timer1_A3 LIN. IrDA.,
3CcC SPI
Registers

USCI BO
SPI, 12C




MO ta cac kho1 chirc nang

o Cdc khéi co ban: CPU, Xung nhip, Flash, RAM,
Ports,va Bus.
e Céc khoi bo xung:
— Khéi nap chuong trinh: JTAG : 4 day va 2 day
— Khéi bién doi twong tu - s6 ADC.
— Khébi bao vé sut ap (Brownout Protection)
— Khéi so sanh ap (Compare A+)
— Khéi Pong ho canh gac (WDT)
— 2 khdi dinh thoi loai A (Timer0 A3 va Timer A3)
— 2 khdi giao tiép tuan tu (USCI A0 va USCI B0)
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B0 nho

» Bo nhd 1a cac thanh ghi 8 bit, to chtrc thanh
cac 0 nho,
» Pia chi 6 nhd 16 bit tir 0x0000 t5i OXFFFF

» Bus dit liéu 16 bit c6 thé truyén 16 bit hoic
8 bit.

28



0x0206

Ox0205
0x0204

0x0203
0x0202

0x0201
0x0200

Ox01FF

4

. ? \ y A
Bus dia chi va cac 0 nho

15,msb{ 14 ... bits... 5

7 6 oos DE.co 0, Isb

byte
7,msb| 6 ... bits... 0, Isb
more significant byte, MSB
less significant byte, LSB

} word
} word
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Thi tw 6 nhé

 Little-endian ordering: Khi dir li¢u co trén
1 byte thi byte gia tri thap nam o vi tri dudi,
byte gia tri cao nam & bén trén trong bd
nho. Dong MSP430 ¢o6 thir tw nay.

» Big-endian ordering: Byte gia tri thap nim
& vi tri cao. Mot s6 chip cua Motorola,
Freescale HCSO08 c6 cau tric nay.
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T6 chirc bo nho

Té chirc bd nhé ciia MSP430G2553 gom cac thanh phan sau

* Thanh ghi chirc nang chuyén dung: Cac thanh ghi cua cac
khoi c6 chirc ning xac dinh truée. Vi du cac thanh ghi PC, SP,
SR, CG cua CPU, thanh ghi PIREN, P1DIR cua P1..

« Cac thanh ghi da niing ctia CPU va cac thiét bi ngoai vi, nhu
cac thanh ghi R4-R15 cua CPU, P1IN, P1OUT cua P1.

— Cac thanh ghi 8 bit
— Cac thanh ghi 16 bit

* Random access memory (RAM): Cac thanh ghi dat trong
khoi RAM c6 dia chi tir 0x0200 va chi ¢ 256/512 Bytes

* Bootstrap loader : La phan b0 nho khong b1 x0a chtra chuong
trinh két ndi may tinh qua cong COM ctia TI
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B0 nh¢ dir liéu khong bay hoi (Information
memory) La 256 Byte flash, cho phep luy cac
thong tin quan trong va khong b1 mat khi mat dién.

B0 nh¢ chwong trinh (Code memory): La b0 nhé
chi doc (ROM) va chta chuong trinh dugc nap tu
may tinh xuong. Sau khi nap va khoi dong, chuong
trinh nay s& dugc doc vao CPU dé thyc thi . Chip
hién nay c6 tir 2KB-16KB.

* Interrupt and reset vectors: La phan by nhé chira
cac dia chi cua cac ham xu ly ngat va ta1 kho1 dong.
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Address
OxFFFF
0xFFCO
0xFFBF
0xF800

0xF7FF

0x1100
0x10FF
0x1000
0x0FFF
0x0C00
0x0BFF
0x0280
0x027F
0x0200
0x01FF
0x0100
0x00FF
0x0100
0x000F
0x0000

Type of memory

interrupt and reset
vector table

flash code memory
(lower boundary vanes)

flash

information memory

bootstrap loader
(mot in F20xx)

RAM
(upper boundary varnes)

peripheral registers

with word access

peripheral registers

with byte access

special function registers
(byte access)
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Khoi xir Iy trung tim (CPU)

Chirc nang: Khoéi CPU thuc thi cac 1énh cat trong
b0 nho churong trinh. Cac 1€nh dugc doc tuan ty va
thuc th1 néu khong gap cac 1énh r€ nhanh hoac xu
Iy ngat

Cau tao: Gom mdt khoi tinh toan ALU 16 bit,
mach gia1 ma I€nh va 16 thanh ghu.

Tan s6 to1 da (cting 1a toc d§) do xung nhip
MCLK tao la 16 MHz.
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CPU

D

15 a

RO/PC Program Counter |0

R1/SP Stack Pointer 0

R2/SR/CG1 Status

R3/CG2 Constant Generator

R4 General Purpose

RS General Purpose

R6 General Purpose

R7 General Purpose

R& General Purpose

Ra General Purpose

R10  General Purpose

R1 General Purpose

R12 General Furpose

R13  General Purpose

R14  General Purpose

R15  General Purpose

T

Zero, 7
Carry, C
Overflow, V
Negative, N

16-bit ALU

IR IR IR DI DRI

—_
(3]
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15 s DO s 0

RO/PC program counter 0
R1/SP stack pointer 0
R2/SR/CG1H status register
R3/CG2 constant generator
R4 general purpose
R15 general purpose

Figure 2.5: Registers in the CPU of the M5P430.
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Cac thanh ghi cua CPU

Thanh ghi dém chuong trinh (Program counter — PC): Chura
dia chi 1énh ké ti€p can thyc hién. PC ty dong tang 2 sau moi
xung nhip, ngoai trir ¢4 1énh ré& nhanh hoic goi ham

Con tro ngan xép (Stack pointer- SP): Tro dén vung nho
RAM dung lam ngan x€ép. Khi mét ham dugc goi, PC va SR
dugc cat vao ngan x€p va khi thuc hién xong ham, cac gia tri
nay duoc tra lai PC va SR dé tiép tuc ocong viéc dang thuc hién
do

Thanh ghi trang thai (Status register — SR): Chtra cac coO trang
thai. Cac bi; trang?th,éi hay dugc dung la C, Z, N, va V. Ngoai
ra co mot so bit dé tat xung nhip nhu CPUOFF (tat MCLK)
Thanh ghi hing s6 (Constant generator) Dung dé tao ra mot so
hang s6 thuong gip

12 thanh ghi da nang : 1a cac thanh ghi dung dé luu thong tin
trung gian. Cac thanh ghi co toc dd tru cap tuong duong CPU
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B0 tao xung nhip

Xung nhip 1 thiét bi khong thé thiéu cta cac hé thong sb
Linh kién thuong dung dé tao xung nhip 1a thach anh c6 thé
tao dao dong khoang vai MHz cho chip (max = 16MH2z)

Tuy nhién khi chay toc do cao, ch1p tiéu ton nhleu dien. Cac
he thong di dong can tlet klem pm nén mot s6 bo phan chi

chay & tan s thap sé tiét kiém va tang thoi gian su dung pln.
Bo tao xung nhip can da dang hoa cac ché do hoat dong cua

VDK.

Nhiéu ung dung nhung phan Ion thoi gian ¢ trang thai ngu
(cong suat thap)-> Can tat - xung nhip khi co thé. Khi ¢6 su
kién ngat, CPU s& dugc cap xung dong bo lai dé hoat dong.
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B0 tao xung nhip

oscillators selectors dividers
VLO LFEXT1S5x
/1/2/4/8 >
1 | LFXT1 DR
| SELS
[1/2/4/8 =3
- | xm DIVSx
] .
== | (if present)
. [1/2/4/8 =3
DCOCLK DIVMx

RSELx, DCOx, MODx

SELMx

clocks

ACLK

auxiliary <

clock o
AL
o

SMCLK o
O

sub-system

master

clock v

= Ic

MCLK & 3 ©
Fo i

master 3z e

clock U a2
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B6 tao xung thap tan bang thach anh LFXT1: C6 thé tao
cac xung nhip tir vai chuc KHz té1 1 MHz vé1 @6 chinh xac
cao.

B tao xung cao ;ﬁn bang thach anh- XT2: Giéng LFXT1
ngoai trur tan so cao hon (8-16MHz)

B0 tao xung tan s0 thap VLO voi do chinh xac thap Cac
VDK c¢6 thé tao xung nh1p tan so thap ma khong can thach

anh. Dung VLO né€u can tiét kiém nang luong (kéo dai thoi
gian sir dung giira hai lan sac pm)

B¢ tao xung diéu khién k¥ thuat s6 (DCO): Tao cac xung
nh1p tan s6 cao (8-10MHz) ma khong dung thach anh. Cac
VDK str dung DCO trong giai doan dau khi khoi dong

(khoang 1 gidy) .
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Kiém soat cac xung nhip théng qua thanh ghi
trang thai (SR)

CPUOFF khoa MCLK, va c}fm‘g CPU cling nhu
cac khoi nao dung MCLK dé dong bo

SCG1 khoa SMCLK va céc khoi ding MCLK
dé dong bo

SCGO khoa DCO

OSCOFF khoa VLO va LFXT]I.
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Cac loa1 xung nhip

* Master clock, MCLK, st dung cho CPU
va mot sO kho1 toc do cao (1-16MHz).

* Subsystem master clock, SMCLK, dung
cho cac cac kho1 toc do trung binh (1MHz)

* Auxiliary clock, ACLK, Dung cho cac
kho1 toc do thap (32KHz).
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Khai niem Ngat va tai khoi dong
 Ngit (Interrupts): La mot sy kién gay boi phan cung , mac
du dugc cai dat bang phan mem) va thuong can duoc xt 1y
ngay lap tuc. Kh1 xay ra mot ngat, VDK ding chuong trinh
dang thuc thi, cat cac thong tin/ trang thai hién tai (PC, SR)
dé chuyén sang chuong trinh xu ly ngat (ISR) ngay lap tirc.
Sau khi xu 1y ngat xong, VDK quay lai thuc hién ti€ép cong
vigc dang thyc hién trude. Nhu vay chuong trinh xur 1y ngat
dugc go1 bo1 phan cting chir khong phai phan mém.

* Tai khoi dong (Resets): Duoc tao boi phan cung, thuong
dugc dung kh1 c6 su kién bat thuong ngu hai khién VDK
khong thé tiép tuc cong viéc. Thong thuong dong ho canh gac
s€ ta1 khot dong VDK sau mot khoang thot gian nhat dinh
néu khong duoc can thiép kip thoi. Tai khot dong giup hé
thOong ¢ vao trang thai 6n dinh
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Cau ho1

» Li¢t ké cac thanh ghi CPU

» Cac nguon xung va cac loai xung ciia VDK TI
MSP430G2553?

. Ng,e“'lt [a gi, tai sao hé thong nhing can co ché
ngat?
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Bai tiep

o Méi trwong phat trién rng dung
o Chwong trinh don gidin diu tién
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Bai 3: Méi trwong phdt trién irng
ung dung

Sau khi hoc xong SV cin nim dwoc:

1. Cac cong cu hd tro phat trién ing dung

2. Ngon ngitr lap trinh nhung C

3. Truy cip va g roi

4. Bo Launchpad MSP430 va cac chuong
trinh bat tat den LED

46



Cac cong cu phat trién ing dung

B¢ soan CT (Editor): Cho phép viét CT va kiém tra cti phap
turc thi

Bién dich (compiler): Chwong trinh chuyén ma C sang ma
may, c6 kha nang do loi

Gan dia chi (Linker): Phoi hap cac thu vién va cac ham, gan
dia chi bd nhé (dé khi nap vao VDK khéng bi nham)

B0 mo phong (Stand-alone simulator): Chwong trinh
phong tao hoat dong cua VDK, thay cho chip that.
Embedded emulator/debugger: Thiét b1 cho pheép nap tung
1énh tir may tinh xuéng VDK dé go ro1

B0 nap truc tiep (In-circuit emulator): Thiet b1 g6 rd1 cho
phép VDK chay tirng 1énh tir trén may tinh. Gi1a khoang
1000$

Chwong trinh nap (Flash programmer): La phan mém
mién phi cua TI dung dé nap chuong trinh tr may tinh vao bo
nh& chuong trinh cua VDK.
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e Cac phan mém thong dung
— IAR EmbeddedWorkbench. Phan mém mién phi
cho SV.

— Code Composer Studio
— Phan mém mién phi cho SV : 16KB chwong trinh
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The C Programming Language

if (P1IN & BIT3) == 0) // Kiém tra chdn so 3 Portl c6 bang 0?

d
PI1OUT = 0x01; //cap ra port 1 gid tri 0600000001

)

else

d
P1OUT = 0x00; //cap ra port 1 gid tri 0600000000

)
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Hop ngur
Vi du:
mov.w #WDTPW|[WDTHOLD ,& WDTCTL

Sinh vién s& hoc 1ap trinh hop ngir néu da
thanh thao 1ap trinh bang C
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Bo thuc hanh

Mach nap

|||||||
——————

— - v-..
b - =

Cong tac

- - -
- t

' —
. —
e

2 LED

The TI MSP430G2553 Launchpad Board. !



Cdc chwong trinh mé dau

Bat /tat cac den LED

Poc trang thai cong tic S2

Tw dong bat tit dén dung ham giir chim
Automatic Control: Use of Subroutines

Automatic Control: Flashing a Light by Polling
Timer A

Header Files and Issues Brushed under the
Carpet
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Debugging and programming interface

USB Connection

Spy-Bi-Wire and
MSP430 Application UART

MSP430G2xxx
Value Line device

Easy accessible Pins

Push Buttons -
. 1\‘14‘!.(\“ MENTS Two LE Ds
4 "

&

;
ad
Lount hPe
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J6

Ext_ PWR

RST/SBWTDIO P1.3
o a4 s
k| SEY o F
1 By S
GND
GND
VCC =
£
(=3
~N
—- U R34 [ R27
10uF/10V 47K o 47K
in Socket
. - T vee %' o | oo [
) 1 112 P10 2 19 XINR XIN 19
’_llgmp_'u: — M B 511 18 XOUTR  XQUT 18]
e P1.2 4 17 1E 1C 171,
DNP  wo 4 B P1.3 16 RST/SBWTDIO 161,
EO[—'I I P14 15 P1.7 151,
< =2one il 4 k2 P15 14 P16 iy b
a GND 4B P20 13 P25 131,
DNP R28 4 ) P21 12 P24 121,
1 22 ——}—Xout 0 p22 1 1 P23 ule
gLé Type: TBD = J2
& Ri2 J5-1 &= o1 0 DNP
LED1 2T0R
green 152 H
* -
‘ e R33 ™)== P16 GND GND
LED2 470R
red
GND
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Bat tat cac déen LED

(a) active high (b) active low

-1 Vec = +3V -1 —I—
R ¥
microcontroller microcontroller —AAN—
R
X
u
—— — Vs =0V —
Figure 4.3: Connection of an LED to a pin of a microcontroller: (a) active high and

(b) active low.

#include <msp430g2553.h> // Specific device

void main (void)

{

WDTCTL = WDTPW | WDTHOLD:; // dung watchdog timer

P1DIR = 0x41; // dat cac chan P1.0 va P1.6 la OUTPUT:0b601000001
P1OUT = 0x41; // ca hai led cung sang

for (;;) { // Loop forever ...

y // ... doing nothing

h
Hay sira lai chuong trinh dé Led 1 sang , led 2 tat

55



Poc trang thai cong tac

Ext_ PWR
o RST/SBWTDIO P1.3
J6 | OO Nl “1
H s\ st
GND
GND
. VCC :
w
8|8
= o= = =
10uF/10V
20 Pin Socket
< IC1 S
11 VCC 1 20 GND 20
21 R29 12 1.0 zi—\-J_ 19 XINR XIN 19l
’—l|c—‘,zpp _EIOR 313 P1.1 :gl 18 XOUTR XOUT = 181,
e P12 4 17 EST/SBWTCK 74,
DNP w0y 4 P1.3 3| 16 RST/SBWTDIO i1 D
EO[—1 4 G P1.4 8] 15 P17 5]
< S onp o [ Yz P1.5 7 14 P1.6 sl
3 GND 18 P20 8 13 B2 5 [E D
DNP o e P21 9 12 P24 12
22 T 110 P22 10) 1 P23 1nl.
»—"C—'r [ }—XOu > <
12p OR - - Sockel: TBD
+ <|5 Type: TBD =|w J2
SiE ok
e R32 J5-1 = P10 - DNP _:
LED1 270R
green
- J5-2 H
R33 o= P16 GND GND
LED2 470R
red

Néu cong tic S2 ho (md) — dién ap chan P1.3 s&1én 1 (3,3v )

Néu cong tac S2 dong : dién ap trén P1.3 s& xudng 0 (0v)
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#include <msp430g2553.h> // Specific device

#define LED1 BITO0

#define LED2 BIT6

#define S2 BIT3

void main (void)

{

WDTCTL = WDTPW | WDTHOLD:; // Stop watchdog timer

P1DIR = LED1|LED2; // Set pin with LED1 and LED?2 to output

P1OUT = LEDI1|LED2; // bat LED1 va LED2 sang

PIREN |=S2; //su dung dien tro keo len/xuong, chi dung voi Launchpad v1.5

P10OUT |=S2; //dien tro keo len, sau lenh nay, S2 thuong xuyen cao (1)
while(1) { // Loop forever

if (P1IN & S2) ==0)

P10OUT |= LEDI; // Yes: bat LED1

else

P10UT &=~ LEDI; // No: tit LED1, LED2 khong thay doi

j

;
Hay viét CT bat tat LED2 bang cong tac S2. LED1 khong thay do6i
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Chép dén bang ham Delay()

o Chuong trinh tiép theo s& chdp dén LED]
(sang/tat) voi1 chu ky 1 giay. Nhu vay thoi
glan sang/tat 1a 0,5 s
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while(1){ // Loop forever

for (LoopCtr = 0; LoopCtr < DELAYLOOPS: ++ LoopCtr) ¢
y // Empty delay loop

P1OUT "= LEDI|LED2; // Toggle LEDs

J

J
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Tw dong chop den: S dung
timerA

* Sur dung vong lap la gia1 phap don gian
nhung khong chinh xac: khi xay ra mot su
kién ngat, vong l1ap s€ b1 kéo dai.

» Poan chuong trinh sau sé bat tat dén theo
timer.

o Timer s& dugc trinh bay & phan sau
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TimerA

clocks selector divider counter overflow flag

TACLK —
ACLK — TAIFG

SMCLK — TAR
INCLK

TASSEL x

1Dx

comparator

TACCRO
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#include "msp430g2553.h" //2542

#define S2 BIT3
void main(void) {

WDTCTL = WDTPW |WDTHOLD;

P1DIR = BITO|BIT6;

P10OUT = 0x00;
CCTLO = CCIE; // CCRO interrupt enabled
CCRO = 30000;
TACTL =TASSEL 2+MC 2+ 1D 2; // SMCLK, upmode
_BIS SR( GIE); // Enter LPMO w/ interrupt
while(1){}
h

#pragma vector=TIMERO A0 VECTOR
__interrupt void Timer_ A (void)

d
P10UT #=BITO0 | BIT6;

CCRO += 30000;
h
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Quizzes

» Cac phuong phap chdp mot den LED?
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Chuong tiép theo

o Ham, ngdt va cdc ché dé tiét kiém ning
luwong
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P

Bai 4: Ham, ngit va ché dé tiét kiém
nang luwong

Ham va cac budc thyc thi khi goi ham
Ngit va chwong trinh phuc vu ngit
Cac bwéc thue thi khi xdy ra mot ngat
Cac ché dj tiét kiém niing lwong
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Ham

Ham 1a cach viét chuong trinh thanh cac mo dun
nho. Vi€c tao chu:(mg trinh tur cac mo6 dun khlen
cﬁlu’cmg trinh tro nén ro rang, dé viét, dé kiém thir va
c6 thé dung nhiéu lan

Mot khi ham dugc Vlet c6 thé dong g01 thanh thu
vién dé str dung khi can (thu’ vien dong)

Cac chuong trinh nhung viét bang ngdn ngit ¢
thuong co cac ham dai khong qua 30 dong 1énh
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Cac budc thyce thi khi goi ham

e Cac thong tin cua chuong trinh dang thuc thi dugc
cat vao ngan x€p

e Dia chi cua chuong trinh maé1 dugce luu vao PC.
Chuong trinh mo1 dugce thue hién cho to1 khi gap
1énh return.

e Cac thong tin cua chuong trinh cti dugc nap lai tur
ngan x€p. DPi1a chi 1énh chuong trinh cu can tiép
tuc thuc hien dugc nap vao PC va CPU s€ tiép tuc
chuong trinh ct
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Ngit

o Ngit 1a co ché dimg mdt chuong trinh dang chay dé
thuc hien mot chuong trinh khac khi xay ra mot su
kién do phﬁn cung gay ra.

» Ngit duoc dung khi

— Mot su kién khan cép can duoc dap ung tirc thou.
— Cac su kién rat cham.

— Chuyén CPU tir ché d6 ngti sang tich cuc.

— Goi hé diéu hanh
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Chwong trinh phuc vu ngit

* Doan chuong trinh dugc go1 khi xay ra mot ngit goi
la Chwong trinh phuc vu ngat ( interrupt service
routine - ISR).

 Chuong trinh xur ly ngit giong mot ham, ngoai tru:
No dugc go1 bat ky khi nao xay ra su kién gay ra
ngat, va su kien nay thuong khong bi€t trude thor
diem.
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Co ngat

 MOoi ngat cd mot co ngat riéng, dé chi thi rang da cé
su kién can xir Iy gap. Chang han Timer A c6 c0O
ngat TAIFG Co& TAIFG sé ty dong bat 1én khi TAR
vé 0. Khi co ngat bat 1én, chuong trinh xir Iy ngat
twong tng s€ dugc goi, tru troeong hop bi che.

» Chuong trinh xir Iy mot ngat chi dugc thuc thi khi
ngat nay khong bi che béi bit GIE — cho phép ngat
toan cuc. Chuong trinh chinh phai bat bit GIE (thudc
thanh ghi SR) dé co ché ngat dugc phép thuc hién
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Vector ng{it

e Vector ngat 1a ving nhé cao trong bd nhd MSP430.
Vung nay chtra cac dia chi cua cac ISR. Khi GIE cao
va mot cO ngét bat 1én, dia chi cua ISR tuong rng sé
duoc nap tu IV vao PC.

« MOoi ngat c6 mot thr tu wu tién. Néu 2 ngat xay ra
déng tho1, thi ngét cO do uu tién cao hon s€ duoc thuc
thi. Thu tu wu tién cao cao thi vi1 tri ISR trong IV cang
cao.
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Cac buwdc thue thi khi mot ISR dwgc goi

1. Neu CPU dang thyc hién mot 1énh — Lénh do can dugc hoan tat
Néu CPU dang ngt, xung MCLK duoc cap dé dua CPU vé ché do

tich cuc.
2. Cat PC vao ngin Xep
3. Cat SR vao ngin xép.
4. Chon IRS ¢6 d6 wu tién cao nhat
5. Xo6a co ngét cua ISR duoc chon.
6. X0a SR.
7. Dat dia chi cua ISR tir IV vao PC.
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Do cham

* PO cham 1a thoi gian tu luc xay ra su kién
tdi khi chwong trinh xir Iy ngat dugc bat
dau.

* Trong trurong hgp CPU dang thuc hién do 1
[énh, thi CPU s& can mot nhip hoan tat va
sau nhip thuc hién sau budc con la1 trudc
khi bat dau ISR.

73



Khai bao ISR

* Interrupt Service Routines in C
#pragma vector = TIMERAO VECTOR
interrupt void TAO ISR (void)
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void main (void)

{

WDTCTL = WDTPW|WDTHOLD; // Stop watchdog timer

P20OUT ="LEDI; // Preload LEDI on, LED?2 off

P2DIR = LEDI|LED2; // Set pins with LED1 ,2 to output

TACCRO =49999; // Upper limit of count for TAR

TACCTLO = CCIE; // Enable interrupts on Compare ()

TACTL = MC _1|ID 3|TASSEL 2|TACLR; // Set up and start Timer A
// "Up to CCRO" mode , divide clock by 8, clock from SMCLK , clear timer
__enable _interrupt (); // Enable interrupts (intrinsic)

for (;;) { // Loop forever doing nothing

} // Interrupts do the work

// Interrupt service routine for Timer A channel ()
#pragma vector = TIMERAO VECTOR
__interrupt void TAO ISR (void)

{
P20UT "= LED1|LED2; // Toggle LEDs

b
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Ngit khong che

» C6 mot s6 ngat ma co GIE khong che dugc
1a
— Ldi bd tao dao dong OFIFG.
— Tranh chap bd nhd ACCVIFG.
— Chan RST bi dua xudng thap
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Ché dd cong suat thap

C6 1 ché dp tich cwe va 5 ché dp cong suat thép

Ché a6 tich cwe: CPU va moi xung nhlp, moi khoi déu hoat dong Dong
ticy thu /=~ 300uA C6 thé giam dong tiéu thu néu giam ap ngudn nuodi
xudng 1,8V, tan s6 DCO =1Mhz, dong tiéu thu con khoang 7 = 200uA.

LPMO0: CPU va MCLK bi khéa. SMCLK va ACLK hoat ddng, dong
tieu thu /= 85uA.

LPM3: CPU, MCLK, SMCLK, va DCO b1 khoa chi cong ACLK hoat
dong, /= luA.

LPM4: CPU va mo1 xung nhip bi khoa. CPU s€ chi tinh la1 khi co ngét bén
ngoai. / = 0.1uA.

Vi du 1ap trinh C

_lowpower mode 3 ();
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Quizzes

V1 sao Ngét la1 quan trong vo1 HTN?
Co ngat dé lam gi?
Bit GIE Ia gi?
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Bai sau?

e Cong nhdp xuat so
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AN AN S e

Bai 5: Cong nhdp xudt so

Cau trac cong nhap xuat s6 (IO Port)
Cac thanh ghi cua IO

Chong doi

Ma tran ban phim

Lai LED va LED 7 doan

LCD
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XIN XOUT

16MHz
CPU

incl. 16
Registers

Emulation
2BP

JTAG
Interface

Spy-Bi-
Wire

Functional Block Diagram, MSP430G2x53

DVCC DVSS

e G PEEE AEPEEERE

ACLK

ADC
SMCLK

10-Bit
8 Ch.

Autoscan
1 ch DMA

MAB

MDB

Watchdog
Brownout WDT+
Protection

8 Channels 15-Bit

RST/NMI

P1.x P2.x P3.x

Port P1 Port P2 Port P3

8 /O 8 1/O
Interrupt
capability

pullup/down
resistors

8 /0
Interrupt
capability
pullup/down
resistors

pullup/
pulldown
resistors

USCIAO
UART/
LIN, IrDA,

3CC SPI

Registers

3 CC

Registers USCI BO

SPI, 12C



Cong nhap xuat so

Nhap xuat thong dung nhat 1a cac tin
hi¢u so vo1 2 gia tr1 0/1(0/3,3,V)

Chuong trinh vi du da su dung PORT 1
dé 1ai LED
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Cong nhap xuat so

o Céc chip MSP430 co thé co tir 10-80 chan IO 50.

* Mac du la chan nhap xuat s0, cac chan con duoc dung
cho cac khoi khac nhu Timer, ADC... Khi tai khoi
dong cac chan déu 1a IO so6

» Chang han chan P1.0 con dugc dung 1am TACLK...
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Module

Module
Direction
Control

PnOUT.x

PniN.x

PnDIR.x

PnSEL.x

AV

A4

N

A4

N
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Cac thanh ghi cua P1

Cac Port déu c6 cac thanh ghi ciia riéng minh
Port P1 input, P1IN: nhan dir li¢u logic (0/1) tur
cac chan cua P1 (8 bit)

Port P1 output, P1IOUT: Ghi dir li€u ra cac chan
cua Pl
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Cac thanh ghi cua P1

Port P1 direction, PIDIR: xac dinh hudng truyén dir liéu. Néu
bit i =0, chan P1.i s& 1a INPUT, néu bit i=1, chan P1.i s& 1a
OUTPUT . Khi khot1 dong cac bit PIDIR ¢6 gia tr1 0

*Port P1 resistor enable, PIREN: Bat mot bit cua thanh ghi nay
1én 1 s& kich hoat dién tré kéo 1én hodc kéo xudng tai chan tuong
ung.

*Port P1 selection, PISEL: Chon chan tuwong trng 1a chan nhap
xuat s6 (0 — gia thi mic nhién khi khéi dong) hodc co chitc ning
khac (1).
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Digital Input and Output

« Port P1 interrupt enable, P1IE: Cho phép ngat trén chan tuong
rng n€u bat 1én 1, cam ngat né€u bit twvong tng 1a 0

* Port P1 interrupt edge select, PIIES: chon canh [én dé tao ngat
néu bit tuong ung 1a 0, hoac canh xudng né€u la 1. Thanh ghi nay
chi ¢6 hi¢u luc néu thanh ghi P11E da bat

* Port P1 interrupt flag, P1IFG: La thanh ghl chtra cac co ngit .
Khi mot chan dugc bat cho phép ngat va c6 su thay doi tin hiéu

dung nhu thanh ghi P1IES dat thi co ngat tu7ong tng chan nay
bat 1én. Néu GIE d3 bat thi ISR s& duoc thuce thi

87



Quét ma tran ban phim

* Khi s6 nat nhan kha 16n, so6 chan chip dung
dieéu kién cac cong tac sé lon.

e C0 thé giam s6 chan VDK ban ma tran ban
phim
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columns

X1 X2 X3 Vee
¢ ¢ + é é é pull-up
J:|_1 J:L 2 J:L 3 resistors
¢0 © to g to 3 -
4+ [ILs [Lls
$0 © to 3 to 3 -
7 |s |[o
0 © $0 o to 3 - 872
I |do (L=
- o ~© 9 < 9 > va

Frows
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Quet ban phim

1. Cap 011 cho X1X2X3 Poc Y1Y2Y3Y4 dé kiém
tra cacnut 1,4, 7, or *. Cac nut khac s€ khong
lam thay d61 Y1-Y4 vi X2,X3 c6 gia tr1 1

2. Cap 101 cho X1X2X3 Poc Y1Y2Y3Y4 dé kiém

tra cac nut 2, 5, 8, or 0.

3. Cap 110 cho X1X2X3 Poc Y1Y2Y3Y4 dé kiém

tra cac nut 3,6, 9, or #.
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LED 7 doan

(a) individual seven-segment LED display (b) multiplexed pair of displays

=

L
L]

trrriris

common cathode

aT™— "WV *

i :
. 8 segment lines

dpl—’vv\/—f

)

common cathode

digi{;J&diggJE

b
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Bai tiép theo

1. Cac loai Timer thuong gap
2. Watchdog Timer
3. Timer A
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Bai 6: Bé dinh thoi

1. Cac loal timer
2. Watchdog timer
3. Timer A
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XIN XOUT

16MHz
CPU

incl. 16
Registers

Emulation
2BP

JTAG
Interface

Spy-Bi-
Wire

Functional Block Diagram, MSP430G2x53

DVCC DVSS

e G PEEE AEPEEERE

ACLK

ADC
SMCLK

10-Bit
8 Ch.

Autoscan
1 ch DMA

MAB

MDB

Watchdog
Brownout WDT+
Protection

8 Channels 15-Bit

RST/NMI

P1.x P2.x P3.x

Port P1 Port P2 Port P3

8 /O 8 1/O
Interrupt
capability

pullup/down
resistors

8 /0
Interrupt
capability
pullup/down
resistors

pullup/
pulldown
resistors
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UART/
LIN, IrDA,

3CC SPI

Registers

3 CC

Registers USCI BO

SPI, 12C



Cac loai Bo dinh thoi

Watchdog timer: Pong ho canh gac ; c6 trong moi thiét bi dong
MSP430. Chtrc niang chinh 1a chong 16i chu’(mg trinh nhung c6 thé st
dung nhu moét bo dém thot gian chinh xac

Tlmer A: Co trong moi thiét bi. Loai Timer A c6 3 kénh va 1a thiét
bi dinh thoi don gian nhat. Timer Acé thé dém thoi gian, do tan s6
hodc dém céc sy kién lap

Timer B: Chi co trong mdt so chip 16n. Pay 1a cau tric mo rong cla
Timer A v6i s0 kénh Ién dén 7 , dugc st dung dé tao cac xung PWM
diéu khién dong co

Timer Basicl: Chi co trong mot s6 chip MSP430F4XX.
Real time —clock: Chi co6 trong mot s6 chip MSP430 16n

95



Watchdog Timer (WDT)

Chtrc ning chinh: chong 16i chuong trinh nhu lap
quén, treo VDK....

WDT c6 mot thanh ghi dém 1én WDTCNT va khi dat
2101 han trén (65535) n6 s€¢ kho1 dong lai VDK.
Chuong trinh duoc viét phai dinh ky xo6a thanh ghi
dém 1én ctia WDT trude khi dat gidi han. Néu khong
hé théng s€ b1 reset.

Tuy nhién hoat dong cua WDT duoc cau hinh boi
thanh ghi diéu khién 16-bit WDTCTL. Bat bit
WDTHOLT s€ ngung hoat dong cua WDT
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2

WDT- | WDT- WDT- | WDT-
Hoo | nmies | WPTMMUT gmse | ontan [WPTSE WDTISx
rw—(0) rw—(0) rw—(0) rw—(0) ro(w) rw—(0) rw—-(0) rw—(0)

Figure 8.1: The lower byte of the watchdog timer control register WDTCTL.

WDT Iudn st dung xung nhip DCO 1MHz. Khi hoat dong,
bit WDTCNTCL bat 1én 1 s€ x6a thanh ght WDTCNT
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// Watchdog config: active , ACLK /32768 -> Is interval; clear counter
#define WDTCONFIG (WDTCNTCL|WDTSSEL)
// Include settings for RST/NMI pin here as well

void main (void)

{

WDTCTL = WDTPW | WDTCONFIG; // Configure and clear watchdog
P2DIR = BIT3 | BIT4; // Set pins with LEDs to output

P20OUT = BIT3 | BIT4; // LEDs off (active low)

for (;;) { // Loop forever

LED2 ="TFG1_bit WDTIFG; // LED?2 shows state of WDTIFG

if (Bl == 1) { // Button up

LED1 =1;//LEDI off

} else { // Button down

WDTCTL = WDTPW | WDTCONFIG; // Feed/pet/kick/clear watchdog
LED1 =0;//LEDI on

h
h
h
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St dung WDT nhuw mot bo
dinh thoi

o Néu khong dung cjé kiém tra 16i chuong
trinh, WDT c¢06 thé dugc sir dung nhu mot
bo dinh thoi .

« Bat bit WDTTMSEL trong thanh ghi
WDTCTL s& dat WDT vao ché d6 dém, tuy
nhién khi dat gi61 han thi WDTIFG bat 1én
ma khong kho1 dong la1 VDK

* Viéc doc WDTCNT cho biét thoi gian da
xay mot su kién
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Timer A

« La bd dinh tho1 da nang thong dung, c6 mat trong moi chip
MSP430. B dinh thoi gom 2 khoi 16n

o Timer block: La khdi 15i voi thanh ghi TAR 16 bit, khoi
chon xung nhip va khoi chia tan lam cham. Khoi TAR
khong c6 tin hiéu ra nhung c6 thé bat co TAIFG khi TAR
vé 0

o Capture/compare channels: La khdi bat tin hiéu va so
sanh, c6 3 khdi doc 1ap véi1 cac chi s6 0,1 va 2. Khbi nay
gom 0 khoi con nhu sau
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Khéi bat tin hiéu Capture : Nhan tin hiéu can dém tir bén
ngoéi

Khoi so sanh Compare Gom thanh ghit TACCRO (hoac
1,2) dé dém sb tin hiéu hoic dugc dit bang phan mém.

Khéi tao ngit : bat co CCIFG khi TAR va TACCR bing
nhau.
Khoi l?iy mau Sample tao tin hiéu dé so sanh

101



TASSELx

Timer block

16-bit timer register
O- TACLK =™ IDx &
ACLK —>» diid MCx
ivider
— —> TAR » TAIFG
SMCLK —» /1/2/4/8 Gmer
O INCLK +/ ok
Capture/compare channel 1 EQUO ¢ TA1
output
.TA1 comparator > output —>» OUT1 —<
inputs  CCISx o _ mode
g: cCA >N cMx 2 @ {} 3| ouTMODx
CCl1B —» cd L
> “APure 3 TACCR1 TACCRI
vee > (CCIFG1)
- |ca L CAP
»1 latch p——> SCCI
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Cac ché do dinh thoi

Table 8.1: Resolution and period of Timer_A in the Continuous mode with
different clocks and input dividers. Values have been rounded for clarity.

Input clock Timer clock Range of timer
Source Frequency Divider Resolution Frequency Period
SMCLK 16 MHz 1 T s 240 Hz 4ms
SMCLK 1MHz 1 1 s 15 Hz 66 ms
SMCLK 1MHz 8 8 s 2Hz 0.9
ACLK 32 KHz 1 31 s T Hz 2s
ACLK 32KHz 8 240 ws + Hz 16s
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Bon ché d6 hoat dong

Stop (MC = 0): B6 dinh tho1 dung hoat dong. Moi1 thanh
ghi g1t nguyén gia.

DPém 1én (MC=1) TAR s& dém Ién t6i TACCRO (doi véi
kénh 0) va quay vé 0.

Lién tuc (MC= 2): Pém 1én OxFFF roi quay vé 0

DPém 1én/xu6ng(MC= 3): Thanh ghi TAR dém lén dén
TACCRO r61 dém xudng td1 0 va lap lai
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Embedded Systems
Hé thong nhing

Ts. Lée Manh Hai
Khoa CNTT,
DH Ky thuat Cong nghe TP HCM
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Chapter 10 : Communication

Communication Peripherals in the MSP430
Serial Peripheral Interface

SPI with the USI

SPI with the USCI

Inter-integrated Circuit Bus

A Simple I?’C Master with the USCI_B0

A Simple I?C Slave with the USI on a F2013
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CPU
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Emulation
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Communication Peripherals in the
MSP430

e The universal serial interface (USI) is a lightweight module, which
1s included 1n the small F20x2 and F20x3 devices. For a start, it
handles only synchronous communication—SPI and I*C.

e Universal Serial Communication Interface

larger devices in the MSP430F2xx and MSP430F4xx families contain
one or more universal serial communication interface (USCI)
modules. The hardware handles almost all aspects of the
communication, unlike the USI, so the software needs only to provide
the data to transmit and store the received data in normal operation.
Typically this requires only a couple of small interrupt service
routines.

e Universal Synchronous/Asynchronous Receiver/Transmitter

(USART) 1s an older module, which has been superseded by the 1
USCI.
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Functional Block Diagram, MSP430G2x53

XIN XOUT

py-Bi-
l 1 -

DVCC

DVSS

P1x

Port P1
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Interrupt
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pullup/down
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= Flash ADG
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'

|

]
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Serial Peripheral Interface

* The serial peripheral interface was introduced by
Motorola and 1s the simplest synchronous
communication protocol 1n general use.

e The only problem 1s that it 1s not a fixed standard like
I°C. There are plenty of options within “standard” SPI
and innumerable variations that go beyond this.

shift register MOSI MOSI shift register
latch msb Isb | (SDO,S0O) (SDI,Sl)| latch msb Isb
O D7 0 O D7 0
MISO MISO
- val (SDI, SI) (SDO, SO) ¢ £\
>
SCLK
clock (SCK)
SPI master — » SPIlslave
SS (CS)




The concept of SPI 1s based on two shift registers, one in
each device, which are connected to form a loop.

The registers usually hold 8 bits. Each device places a new
bit on its output from the most significant bit (msb) of the
shift register when the clock has a negative edge and reads
its input into the Isb of the shift register on a positive edge
of the clock.

Thus a bit 1s transferred in each direction during each clock
cycle.

After eight cycles the contents of the shift registers have
been exchanged and the transfer 1s complete.

Transmission and reception are clearly inseparable.
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The main pins are labeled SOMI, SIMO, and CLK (2 USCI)

DVCC

P1.0/TAOCLK/ACLK/AQICAD
P1.1/TAD.0/UCAORXD/UCAOSOMI/A1/CA1
P1.2/TA0.1/UCAOTXD/UCAOSIMO/AZ/CA2
P1.3/ADC10CLK/CAOUTNREF-/VEREF-/A3/CA3
P1.4/SMCLK/UCBOSTE/UCAOCLK/VREF+NVEREF+/A4/CA4/TCK
P1.5/TA0.0/UCBOCLK/JCAOSTE/AS/CASTMS

P2.0/TA1.0

P2.1/TA11

P2.2/TA11

N20
PW20
(TOP VIEW) 15

W o =~ @®m ;B W R =

Y
=)
=%
=

NOTE: ADC10 is available on MSP430G2x53 devices only.
NOTE: The pulldown resistors of port P3 should be enabled by setting P3REN.x = 1.

DVSS

XIN/P2.6/TAD.1

XOuT/IP2.7

TEST/SBWTCK

RST/NMI/SBWTDIO
P1.7/CAOUT/UCBOSIMO/UCBOSDA/AT/CAT/TDOTDI
P1.6/TA0.1/UCBOSOMI/UCBOSCL/AG/CAGITDI/TCLK
P2.5/TA1.2

P2.4/TA1.2

P2.3/TA1.0
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SPI block in USCI

UCBORXIFG (in IFG2) receive buffer
UCOE (in UCBOSTAT) UCBORXBUF

{}

receive shift
register HUC{??;}TI
UCSSELx T
ACLK — divider UCCKPH
SMCLK — UCBOBR1,0 | | UCCKPL >{_UCBOCLK >

BRCLK ‘

v

(SCLK)

transmit shift
register

=3 UCBOSIMO »

{}

(MOSI)

transmit buffer

UCBOTXIFG (in IFG2 ) <— UCBOTXBUF
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SPI operation

There are separate shift registers for transmitting and receiving
Moreover, these registers are double-buffered and the user has no
direct access to the shift registers themselves.

This means that a byte 1s moved from the receive shift register to
RXBUF as soon as reception 1s complete, which leaves the shift
register ready to accept the next transfer.

Similarly, a byte written to TXBUF remains 1n its buffer until the
previous byte has been transmitted, at which point it 1s moved to the
transmit shift register.

This relaxes considerably the constraints on handling interrupts in
the USI, where the shift register must be read and updated rapidly
between transfers. Although there are separate registers,

reception and transmission are not independent because of the
nature of SPI. 4



Read an examples C code for SPI communication
For Master

msp430g2xx3 uscial sp1 09.c

And for Slave

msp430g2xx3 uscial sp1 10.c
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Inter-integrated Circuit Bus

The I?C bus was introduced by Philips (now NXP)
Semiconductors. It was widely adopted and has become
even more popular since its patents expired in 2006. It 1s a
true bus, unlike SPI, with a specification and user manual

that can be downloaded from NXP.

Revision 03 of the user manual 1s document UM10204,
dated June 19, 2007. It 1s clearly written and a lot easier to
read than you might expect. The I?C bus uses only two,
bidirectional lines:

Serial data (SDA).
Serial clock (SCL).
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e Structure

Ve

pull-up resistors, R
SDA (senal data line)

SCL (senial clock line) ‘ ‘
i miﬁ—4<:]——;ﬁ
— SDA
DUI‘)—D)J& nut%—D}Ja DUIA)—DDJE
SCL

in in
SCL SCL
out out
(a) master (b) slave (c) simpler slave

* Operation: Read from page 534 -542
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On tap Hé thong nhung



WoNookR WM~

Cau trac tong thé cua vi dieu khién
So do khoi caa chip TI MSP430G2553
Bo nh& MSP430G2553: Phan bé vi tri bd nh& vay
nghia tirng vung nhé’

Cau tao CPU va y nghia cac thanh ghi trong CPU
Cac loai xung nhip (clock) va cac che doé hoat déng
Ham va cac bwé&c thwc hién khi goi mot ham
Khai niém ngat va chwong trinh phuc vu ngat
Cac bwdc thwe thi khi thwe hién moét ngat.
Cac ché do cong suat thap.

. Cac cong nhap xuat s6 (Digital Input and Output).
. Quét ma tran ban phim. Chong doi
. Cac loai LCD. So do chan két noi theo chuan

HD44780

. Cac loai timer. Cau tric va hoat déng ciia WDT

Cau tric va cac cheé do hoat dong cua TimerAQ
Két noi Serial Peripheral Interface (SPI). Cau tric
vé’ hoat dong.

Két noi Inter-integrated Circuit Bus (12C).



Kiém tra gitra ky

+ Viét CT hién thi phat va gidy trén Led 7
doan. St dung Timer A (7 diém)

« Cl 1 moi gidy dén LED L4 phai sang / tat
dau cham (LED h) 1 IAn

minlE)w]
mywRmgmy

L3




